The induced-apoptosis effect and mechanism of human esophageal cancer Ec-109 cells via tanshinone IIA was investigated. The Ec-109 cells were cultured in vitro with different concentrations of tanshinone IIA (2 μg/mL, 4 μg/mL, or 8 μg/mL) for 12, 24, 36, and 48 hours. MTT assay was used to evaluate the proliferative inhibition rate of tanshinone IIA on esophageal Ec-109 cells. After 24 hours of culturing in vitro, a control group was assigned. The apoptosis rate was detected by the AO/EB and annexin V-FITC/propidium iodide assay, and the protein levels of Caspase-4 and CHOP were determined by the Western blot technique. MTT data showed that tanshinone IIA could significantly inhibit the proliferation of Ec-109 cells with a dose-and time-dependent mode. Compared with the control group, tanshinone IIA could apparently induce apoptosis of Ec-109 cells, and the level of Caspase-4 and CHOP (p<0.01) obviously increased. Tanshinone IIA can significantly induce the apoptosis of Ec-109 cells, which may take effect by the stress pathway of the endoplasmic reticulum.
Esophageal carcinoma is a common malignant tumor of the digestive system, and China is one of the countries with the highest incidence of this carcinoma in the world [1] . In recent years, the incidence and mortality rate of esophageal carcinoma has had a declining trend in developed countries, but the mortality rate due to esophageal carcinoma in China continues to hold a high worldwide level [2] . Currently, the main clinical methods of treating esophageal cancer include surgery, clinical radiotherapy, chemotherapy, and endoscopic therapy, which involve high trauma, complications and high recurrence rates. Therefore, there is an urgent need to develop a clinical drug with low toxicity and high efficiency that acts on the new targets. Recently, Traditional Chinese Medicine for anti-tumor research has increasingly attracted scientists' attention, due to weak toxic side effects and easy acceptance [3, 4] .
Tanshinone IIA, the active ingredient of the herb Salvia, was selected as the index component for evaluation of the quality of Salvia in the national pharmacopoeia [5, 6] . In recent years, it has been found that tanshinone IIA has an anti-tumor function, especially for liver and colon cancers, as well as other diseases [7, 8] . In this paper, we report on the study of the induced-apoptosis effect and mechanism of human esophageal cancer Ec-109 cells produced by tanshinone IIA, providing a new theoretical basis for the clinical treatment of esophageal cancer.
Influence on the proliferation of human esophageal cancer Ec-109 cells:
Tanshinone IIA significantly inhibited the proliferation of human esophageal cancer Ec-109 cells. The inhibition rate increased with an increase in drug concentration. The 24 h drug inhibition rate was 25.4%, 45.7%, and 67.5% for tanshinone IIA 2 μg/mL, 4 μg/mL, and 8 μg/mL, respectively. Compared with the control group, the cell proliferation inhibition caused by tanshinone IIA showed a remarkable statistical significance. As shown in Figure 1 , increase in tanshinone IIA concentration and prolonging the active time, improved the inhibitory function toward Ec-109 with dependence on dose and time.
Influence on cell morphology and apoptosis of human esophageal cancer Ec-109 cells:
After 24 hours' intervention on Ec-109 cells by tanshinone IIA, a significant apoptosis phenomenon occurred. After AO/EB staining, the structure of nuclear morphology in the negative group was normal, and nuclear staining was uniformly green, while in the experimental group, most of the nuclear chromatin was pyknosis shaped and orange. A small portion of the nuclear chromatin was yellow, indicating that cells were in the early or middle-late apoptotic stage ( Figure 2 ).
Influence on cell apoptosis rate of Ec-109 cells:
After 24 hours' intervention on Ec-109 cells by tanshinone IIA, cells were collected to detect the apoptosis rate. The results are shown in Figure 3 . Table  1 indicates that tanshinone IIA has a significant effect on the induced apoptosis of Ec-109 cells.
Influence on the expression of the Caspase-4 and CHOP proteins:
Results are shown in Figure 4 . Table 1 indicates that Caspase-4 and CHOP protein expression of the tanshinone IIA group is significantly higher than the one in the negative control group (p<0.01). uses the Blood-Activating and Stasis-Resolving method to treat cancer. Salvia is an important medicine for blood-activating and stasis-resolving, and tanshinone IIA is its natural active ingredient, functioning as an anti-inflammatory with antioxidant effects. In early years, it was primarily used for cardiovascular and cerebrovascular diseases [9] . Wang et al [10] demonstrated that tanshinone IIA could induce the apoptosis of human pancreatic cancer cells, and Hou et al.
[7b] reported that tanshinone IIA was able to inhibit the growth of gastric cancer cells. However, few have researched whether tanshinone IIA has any influence on the growth of esophageal cancer cells.
Apoptosis is complex programmed cell death that is conducted under the control of a series of genes. The endoplasmic reticulum stress pathway is one of the ways for apoptosis, and severe ER stress can induce apoptosis [11] . When the apoptosis signal of the endoplasmic reticulum stress pathway is fully activated, proapoptotic genes such as Caspase-4 and CHOP will be also activated, and then cell apoptosis will occur [12] . CHOP expression is seldom normal. When endoplasmic reticulum stress is fully activated, the expression will significantly increase. Caspase-4 is one kind of protein with apoptotic effects, and it only exists on the endoplasmic reticulum, so it is a special effector protein owned by the apoptosis channel for endoplasmic reticulum stress [13] .
In this study, an MTT screening experiment, fluorescent staining and double staining streaming were employed to characterize the apoptosis of Ec-109 cells. Experimental results demonstrated that tanshinone IIA can effectively inhibit the growth of human esophageal Ec-109 cells and induce apoptosis of human esophageal Ec-109 cells in a dose-and time-dependent manner. Protein experiment showed that tanshinone IIA treatment of human esophageal Ec-109 cells can increase the expression level of Caspase-4 and CHOP proteins, indicating that tanshinone IIAinduced apoptosis of human esophageal Ec-109 cells is achieved by the endoplasmic reticulum stress pathway.
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Experimental groups: The tanshinone IIA group and control group were assigned. The tanshinone IIA group included 3 dose groups (2 μg/mL, 4 μg/mL, and 8 μg/mL of tanshinone IIA). The control group consiseds of the same volumes of culture medium.
Cell proliferation inhibition rate detected by the MTT assay:
Cells with a logarithmic growth phase were seeded in 96-well culture plates with 5 × 10 3 cells per well and incubated for 24 h. The culture medium was aspirated. According to the experimental group method, different concentrations of the drug (200 μL/well) were added, and each group was set up with 6 wells cultured for 24 h. Then, each well was added to 20 μL (5g/L) of MTT solution and cultured for 4 h. The supernatant was aspirated, and each well was slowly added into DMSO (150 μL) with a plate shaker rolling for 10 min. Finally, ELISA was used to measure the absorbance at 490 nm, and the inhibition rate was calculated (cells inhibitor, CI). The MTT experiment was repeated 3 times. Inhibition rate = 1-(the average value of A for drug group / the average value of A for blank group) × 100%.
Cell apoptosis detected by AO/EB staining:
The Ec-109 cell culture was treated with a nearly half inhibitory concentration of tanshinone IIA (4 μg/mL), and 200 μL/well of the drug was added for 24 h of culturing. After AO/EB double staining, apoptosis was observed immediately under an inverted fluorescence microscope. The AO/EB experiment was repeated 3 times.
Apoptosis rate detected by Annexin V-FITC / PI double staining:
Ec-109 cells with a logarithmic growth phase were treated with tanshinone IIA (2 μg/mL, 4 μg/mL, 8 μg/mL) and a complete medium (2 μg/mL, 4 μg/mL, 8 μg/mL). Cells in each group were collected after 24 h of culture in order to acquire a cell concentration of 1 × 10 6 / mL. After being washed with 1 ×PBS, the supernatant was abandoned. Cells were resuspended in 100 μL icecold buffer, and then 10 μL Annexin V-FITC and 10 μL PI were added to the buffer, then mixed and placed in the dark place at room temperature for 15 min. Finally, the buffer including Ec-109 cells was characterized by flow cytometry. The Annexin V-FITC / PI experiment was repeated 3 times.
Expression of Caspase-4 and CHOP proteins detected by Western blot:
Ec-109 cells with a logarithmic growth phase were treated with tanshinone IIA (2 μg/mL, 4 μg/mL, 8 μg/mL) and the complete medium (2 μg/mL, 4 μg/mL, 8 μg/mL). Cells in each group were collected after 24 h of culturing. Protein was extracted from the cells and the concentration of protein was measured by the BCA method. The same amount of sample was examined by 12% SDS-PAGE gel electrophoresis, transferred to the membrane, and the primary and secondary antibodies were incubated, developed, and exposed. Results were displayed and the gray value scanned. The Western blot experiment was repeated 3 times.
Statistical treatment:
The standard deviation (x -±s) was used to represent numerical variables; it was used to compare the two samples, while one-way ANOVA was used to compare the mean values of multiple samples. At a p<0.05 level, the difference was taken as having statistical significance. SPSS17.0 statistical software was employed to analyze the experimental data.
